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proximately) proportional to each other, the repulsion is pro-
portional to the square of the current. The repulsion is small
at full load, but in low-reactance transformers, with short-circuit
currents from forty to fifty times full-load current, the mechanical
forces have increased 1600 to 2500 fold, and then, with large
power transformers, reach formidable values, amounting to many
hundred tons, and then it is economically difficult to build trans-
formers with the coils supported so rigidly as to stand such forces.
Thus far very few generating systems exist of such large size
as to be capable of maintaining full voltage at the primary ter-
minals of a large transformer at secondary short circuit, but their
number is increasing, and thus the necessity of limiting the short-
circuit current of large power transformers to a mechanically
safe value is becoming increasingly important. This means a
construction providing for considerable internal reactance. As
the regulation of large power transformers is of no serious impor-
tance, the desirability of low reactance, which exists in the small
lighting and general distribution transformers, does not exist in
large power transformers, and modern practice tends toward the
use of internal reactance of 4 to 8 per cent., to secure reasonable
mechanical safety.

VI. Heating and Ventilation

122. As the transformer is a stationary apparatus, it does not
have the advantage of dissipating the heat produced by the
internal losses, by the natural ventilation of the air currents pro-
duced by the centrifugal forces in rotating apparatus, and it is
therefore fortunate that the transformer is the most efficient
apparatus (except perhaps the electrostatic condenser) and thus
has to dissipate less heat than any other apparatus of the same
output. Thus in smaller transformers radiation and the natural
convection from the surface are often sufficient to keep the tem-
perature within safe limits.

Smaller distribution transformers usually are installed out-
doors, on poles, and then require protection by enclosure in an
iron case or tank. This still further reduces the heat radiation,
and therefore such transformer cases are now almost always filled
with oil, the oil serving to carry the heat from the transformer
iron and windings to the case. Incidentally, the oil filling also
protects the transformer from the failure of insulation by con-